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) Apparatus for depositing a material on a substrate by chemical vapour deposition. 



) Apparatus for the ^deposition of a .material 
such as diamond on a substrate (25) by. chem- 
ical vapour deposition is provided. The ap- 

support shelf (18) on which the substrate (28) is 
located ; ' 
a resistance heating element in the form of an 
elongate strip (3B) of conductive material hav- 
ing at least one curved section (46, 50) in its 
-length;- 

the elongate strip (38) being positioned relative 
to, and .spaced from, the substrate (26) such 
that it presents an elongate edge (54) to the 
substrate (28) and an elongate edge (56) away 
from the substrate (28) ; 
and 

means such as a perforated pipe (12) for caus- 
ing reaction - gas for the deposition to pass 
across the elongate strip (38) from one longitu- 
dinal edge (56) to tbe mother (54) and then to the 
support shelf (18) and the substrate (28) located 
thereon. 
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BACKGROUND OF THE INVENTION — *" : 

This in vetfion rebates to apparatus for depositing 
a material such as diamond on a substrate by chem- 
ical vapour deposition. .:.-=- - - —-. -■ - r - ■■. 

Methods of depositing material such as diamond 
on a substrate by chemical vapour deposition (here- 
inafter referred to as 'CVD") are now well established 
and . have been described extensively In the patent 

- and other literature: Where diamond is being depos- 
ited on up^An^^tMnA generally Involves 
providing a mixture of hydrogen or oxygen gas and a 
suitable gaseous carbon compound such as a hydro- 
carbon, applying sufficient energy to that gas to dis- 
sociate the hydrogen into atomic hydrogen or the oxy- 
gen into atomic oxygen and the gas into active carbon 
ions, atoms or CH radicals and allowing such active 
species to deposit on the substrate to form diamond. 
Dissociation of the gases can take place by a variety 
of methods. . 

, One such method is the use of a hot f foment In 
this method, the temperature of the filament is about 
2000°C and the substrate on which the diamond 
growth occurs is at 600 to 1100°C. 

Apparatus for depositing diamond or other mate- 

• rial on a substrate by chemical vapour deposition us- 

T Ing the riot fBament method wBI generally include a . 
^ closed reaction chamber having at least one gas inlet 

' and at least one exhaust means. The apparatus will 

• - further include means for supporting the substrate 
:: - and resistance heating means in the form of electri- 
: - J cally conductive filaments across which the ga3 1s 

* passed to cause it to .dissociate. In use, the chamber 
will generally be maintained at a pressure below at- 
mospheric. 

One of trie inherent practical problems with the 
hot filament deposition method is the deformation 
and fragility of the filament during repeated heat cy- 
cles. Various solutions to prevent filament deforma- 
tion and sagging have been suggested. Most of these 
suggestions are based on the concept of tensioning 
the filaments so as to take up the expansion during 
heating. There are disadvantages with the tensioning 
technique. The filament stretches under tension at 
high temperatures creating thinner sections In the fi- 
lament which give rise to hot spots and eventual 
breakage. Further, the technique requires complicat- 
ed mechanical assemblies in order to tension filament 
wires which are then heated by high electric currents. 

South African Patent No. 90/5696 provides resis- 
tance heating means in the form of a plurality of vert- 
ically extending linear, electrically conductive fila- 
ments prestressed to curve In a single plane substan- 
tially equidistant from and parallel to the substrate on 
which deposition is to take place. The filaments are 
secured at each end to a pair of electrodes. 

Another frequent problem is the short life of the 
filaments if heat cycles are involved In the method. 



After being heated and exposed to the growth atmos- 
phere most filament materials carburise and become 
fragile. In conventional filament holding assemblies, 
this will invariably result in filament breakage during . 
the cooling cycle. 

SUMMARY OF THE INVENTION 

According to the present invention, apparatus for 
the deposition of a material on a substrate by chem- 
ical vapour deposition comprises: 

support means for the substrate; ' 

a resistance heating element in the form of an 
elongate strip of conductive material having at least 
one curved, section in its length; . 

the elongate strip being positioned relative to, 
and spaced from, the support means such that it 
presents an elongate edge to the support means and 
an elongate edge away from the support means; and 

means for causing reaction gas for the deposition 
to pass across the elongate strip from one longitudinal 
edge to the other and then to the support means. 

Further according to the Invention, a method for 
depositing a material on a substrate by chemical va- 
pour deposition comprises; 

providing a substrate on support means; 

providing a resistance heating element in the 
■form of an elongate strip of conductive material hav- 
ing at least one curved section in its length and elon- 
gate edges on opposite sides thereof; 

positioning the elongate strip relative to and 
spaced from the substrate such that it presents an 
elongate edge to the substrate and an elongate edge 
away from the substrate; 

heating the strip by passing an electric current 
through the strip; and 

causing reaction gas for the deposition to pass 
across the elongate strip from one longitudinal edge 
to the other and then to the substrate. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional side view of an embodi- 
ment of the apparatus; 

Figure 2 Illustrates a perspective view of a part of 
apparatus of Figure 1; and 
Figures 3 and 4 illustrate diagrarnmattcally plan 
views of two further embodiments of resistance 
heating elements for use In the apparatus- 

DESCRIPTION OF EMBODIMENTS 

The elongate strip of conductive material which 
provides the resistance heating element has at least 
one curved section.. This curved section may be a 
gentle, shallow curve or a sharp, deep one. General- 
ly, the strip will have more lhan.one curved section. 
Typically, the or each curved section will be of U-sha- 
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pe. In one particularly preferred form of the invention, 
the elongate strip has en S-ahape. 

The elongate strip will expand on heating and 
contract on coding. To accommodate such contrac- 
tion arid expansion; It. Is preferred that the or each 
curved section of the atrip is supported by suitable 
means. These means will typically comprise a sup- 
port on which the or each curved section is located 
longitudinal edge-on . An example of suitable support 
means tea pin, X * ; : '.. * 

The strip wll be thin so that the distance between 
the longitudinal edges is substantially greater than 
the thickness of the strip. The strip will typically have 
a parallelogram section. 

The ends of the strip wl I generally be secured to 
fixed electrodes which provide the necessary electri- 
cal current for heating the strip. 

The strip will generally, and preferably, not be te li- 
stened or pfe-stressed, as has been found necessary 
in many prior art f ila-ments or wires. 

The elongate strip will generally be made of a suit- 
able high refractory metal such as tungsten, tantalum, 
rhenium, titanium or an alloy containing one or more 
such metals. 

' The reaction gas introducing means will typically 
be a perforated pipe which will be located on a side 
of the elongate strip remote from that of the substrate 
support means. In use, reaction gas will be caused to 
pass across the heated elongate strip from one long- 
itudinal edge to the other. In so doing, components of 
.the reaction gas will be dissociated creating the nec- 
essary active species for the deposition of the de- 
sired material on the substrate. The thus dissociated 
gas wil[ pass on to a substrate located on the sub- 
strate-support means. 

The resistance heating element, substrate and 
strip support means and reaction gas Introducing 
means will be housed in a reaction chamber having 
exhaust gas means, as Is known in the art The reac- 
tion chamber wit be capable of being maintained at a 
pressure' below atmospheric because chemical va- 
pour deposition methods are generally carried out at 
such pressures. 

Tti e apparatus may be used for t he deposition of 
a variety of materials on a variety of substrates by 
chemical vapour deposition, in one preferred aspect 
of the invention, the apparatus is used for the depos- 
ition of diamond on a substrate by chemical vapour 
deposition. For such deposition, as Is well known in 
t he art, the strip will be heated to a temperature of the ' 
order of 20OO°C by passing an electrical current 
through it and the substrate on which the diamond de- 
position is to occur will be maintained at a tempera- 
ture of the order of 60Q°C to 11D0*C.The reaction gas 
will typically contain oxygen or hydrogen, optionally 
an inert gas such as argon and a gaseous carbon con- 
taining compound such as a hydrocarbon or carbon 
monoxide. 



An embodiment of the Invention will now be de- 
. scribed with reference to Figures 1 and 2 of the ac- 
companying drawings. These drawings illustrate ap- 
paratus which Is suitable for depositing a material 

s such as diamond on a substrate by chemical vapour 
deposition. The apparatus comprises a reaction 
chamber 10 which is of known configuration and is ca- 
pable of being maintained at a pressure below atmos- 
pheric. For clarity of ilusfratton. the reaction chamber 

10 has been omitted from Figure 2. Located in the cham- 
ber 10 and extending through the sides thereof are a 
series of perforated pipes 1 2 for introducing reaction 
gas 14 Into the chamber. Exhaust gas outlets 16 are 
located at the lower end of t h e chamber 1 0. 

1 6 A shelf-like supporting sheet 18 is located at the 

low point In the chamber. The sheet 18 Is supported 
on a base 20 by posts 24. The base 20 rests on the 
floor 22 of the chamber 10. The exhaust gas outlets 
16 pass through both the base 20 and floor 22. Lo- 

20 cated on the upper surface 26 of the sheet 18 are a 
plurality of substrates 28. The substrates are Illustrat- 
ed as having a triangular shape. The substrates may, 
however, have any other suitable shape. 

The sheet 18 is located between opposed banks 

25 30, 32 of alternating electrodes 34 and supporting 
blocks 36. The electrodes 34 and supporting blocks 
36 are both made of an electrically conductive metal 
such as copper and are water cooled. 

The apparatus includes a plurality of resistance 

so . heating. elements in the form of an elongate strip 38. 
Only one such heating element Is illustrated. The 
- elongate strip 38 has an essentially S-shape. The 
ends 40, 42 of the strip are secured In slots 44, 46 in 
the electrodes 34 in opposite banks 30, 32. The 

as curved sections 48, SO of the strip rest on electrically 
non-conductive pins 52 secured to blocks 36 in oppo- 
site banks 30, 32. 

The elongate strip 38 Is so positioned in the elec- 
trodes 34 and on the support pins 52 that it presents 

40 a lower longitudinal edge 54 to the substrates 28 and 
an opposite longitudinal edge 58 away from the sub- 
strates 28. The edges 54 and 56 lie in parallel planes. 
It is further to be noted that the elongate strip is not 
pre-stressed or tensioned. 

45 As mentioned, only one resistance heating ele- 

ment is SJustrated In the drawings. The apparatus will 
generally contain a number of these resistance heat- 
ing elements located in simitar manner along the op- 
posite banks 30, 32. 

so By way of example, the cross section of the elon- 

gate strip 38 is a parallelogram typically having 1 mm 
by 7mm sides, i.e. a thickness of 1mm and a distance 
between the longitudinal edges 54, 56 of 7mm. The 
total length of the strip will typically be 100mm. 

55 in use, reaction gas for the deposition is intro- 

duced Into the chamber 10 through the perforated In- 
let pipes 12. The gas passes down the chamber and 
across the elongate strips 38 from one longitudinal 
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edge 56 to the other edge 54 and then on to the sub- 
etrates28. The elongate strips are heated by passing 

. . an electrical Lai^rit.thrwgh. thern. Components In 
the reaction gas dissociate on passage across the 
heated elongate strips creating active species neces- 
sary for the material deposition on the substrates. : 
The elonjgate strip resistance element used in the 
rnventlori has "several advantages over known resis- 
tance elements which take the form of wire filaments. 
First, the strip is so positioned In the reaction chanv 
ber't hafthe harrow part or edge 54 of the strip faces 
" the substrate, 5 aVMustrated UVFlgures.1 and 2. Thus, '. 
deformation and movement of the strip occurs in a 
plane parallel to that of the substrate and a constant 
sub strate-tof lament distance is maintained. There is 
essentially no sagging, as occurs with prior art wire 
filaments. Uniform growth rate results. Second, the 
"S" shape of the filament provides extra degrees of 
freedom that allow it to deform and move when heat- . 
.ed at high temperatures minimising high stress points 
and delaying eventual fracture. Third, the strip pro- 
vides more surface contact area for' the passing reac- 
tion gas, hence there is more efficient use of energy 

Figures 3 and 4 illustrate diagrammatically plan . 
views of two alternative shapes for the filament strip- 
The strip of Figure 2 has a gentle, shallow "IT section, 
while the strip of Figure 3 has a shallow sine wave 

-.^section. • -•' 



Claims 

1. Apparatus for the deposition of a material on a 
substrate '(28} by chemical vapour deposition 
comprises; 1 - 

support means ( 18) for the substrate (26); 
a resistance heating element in the form of an 
elongate strip (38) of conductive material having 
at least one curved section (48, 50) h its length; 
the elongate strip (38) being positioned relative 
to, and spaced from, the support means (18) 
such t hat it presents an elongate edge (54) to t he 
support means (18) and an elongate edge (58) 
away from the support means ( 18); and " 
means (12) for causing reaction gas for the de- 
position to pass across the elongate strip (28) 
from one longitudinal edge (56) to the other (54) 
and then to the support means (18). 

2. Apparatus according to claim 1 wherein the strip 
(38) has more than one curved section (48, 50) 
in its length. ' 

3. Apparatus according to claim 1 or claim 2 wherein 
the or each curved section (48,50) has a substan- 
tially U-shape. 

4. Apparatus according to any one of the preceding 



claims wherein the strip (38) has an S-shape. 

5. .Apparatus according to any one of the preceding 

claims wherein the or each curved section (48, 
s 50) of the strip (38) is supported by means (52) 

which allow longitudinal contraction or expansion 
of the strip (38). 

6. Apparatus according to claim 5 wherein the strip 
10 ' (38) is located longitudinal edge-on the support 

means (52). 

7. Apparatus according to claim 5 or claim 6 wherein 
the strip support means are pins (52). 

15 

8. Apparatus according to any one of the preceding 
claims wherein the ends (40. 42) of the strip (38) 
are mounted in fixed electrodes (34). 

20 9. Apparatus according to any one of the preceding 
claims wherein the strip (38) is not pre-stressed 
ortensioned. 

10. Apparatus according to any one of the preceding 
25 . claims wherein the strip (38) Is made of a high re- 
fractory metal. 

11. Apparatus according tool arm 10 wherein the high 
refractory metal is selected from tungsten, tanta- 

30 lum, rhenium, titanium and alloys containing one 

or more of these metals. 

12. Apparatus according to any one of the preceding 
claims wherein the reaction gas introducing 

35 means is a perforated pipe (12). 

13. A method for depositing a material on a substrate 
(28) by chemical vapour deposition comprises: 

: providing a substrate (28) on support means (1 8); 



40 providing a resistance heating element In the 

form of an elongate strip (38) of conductive ma- 
terial having at least one curved section (48, 50) 
In Its length and elongate edges (54, 56) on each 
of opposite sides thereof; 

46 positioning the elongate strip (38) relative to and 

spaced from the substrate (28) such that It pres- 
ents an elongate edge (54) to the substrate (28) 
and an elongate edge (56) away from the sub- 
strate (28); heating the strip (38) by passing an 

so electric current through the strip (38); and 

causing reaction gas for the deposition to pass 
across the elongate strip (38) from one longitudi- 
nal edge (56) to the other (54) and then to the 
substrate (28). 

55 

14. A method according to claim 13 wherein the strip 
(38) has more than one curved section (48, 50) 
in its length. 
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.=3$.' 15, A method. according to claim 13 or claim 14 

r ; ^ "asubstartlaTly U-shap«. . 

16. A method according to arty one of claim* 1 3 to 1 5 '9 ■ 
* . wherein the strip (38) haa an S-shape. . 

;. 17. "Amethod according to any one of claims 13 to 16 
' . ..wherein the oreach curved section (48, 50) of the . 

- strip Is supported by means (52) which allow to 
.longitudinal contraction or expansion of the strip. 

18. Amethod according to claim 17 wherein the strip 
is located longitudinal edge-on the support 
mean3<52). 16 

19. A method according to claim 17 or claim 18 
wherein the atrip support means are pins (52). 

20. A method according to any one of claims 13 to 19 id 
wherein the ends (40, 42) of the strip (38) are 
mounted in fixed electrodes (34). 

21. A method according to any one of claims 13 to 20 

• wherein the strip (38) Is not pre-stressed or ten- zs 
stoned/ 

2Z Amethod according to any one of claims 13 to 21 
wherein the strip (38) Is made of a high refractory 
metal. ™ 

23. A method according to claim 22 wherein the high 
refractory metai is selected from tungsten, tanta- 
lum, rhenium, titanium and alloys containing one 
or more of these metals. m 



55 
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